
5 Technical Field 

[0001] The present invention relates to an in-mold decorating sheet, as well as an in- 
mold decorated article using the same, for use in decorating surfaces of molded products of 
three-dimensional shapes including: interior automotive trims such as a console box, center 
j cluster, and switch base; exterior automotive trims such as side mudguard, bumper, wheel 
10 covers and braid; and component parts for household electrical appliances such as a 
refrigerator door and air-conditioner front panel. 
Background Art 

[0002] A widely used method for decorating automotive trims and household electrical 
appliance parts as described above includes forming a pattem by performing colored coating, 
15 plating, or the like on a desired color and pattem, and thereafter applying an entire-surface 
* overcoating for protection of the pattem. However, coating and plating have been 
problematic in terms of environmental hygiene. 

[0003] In contrast to this, as a method for decorating a surface without coating, there 
has been known an in-mold decorating method using an in-mold decorating sheet. 
20 [0004] This method includes setting an in-mold decorating sheet into an injection 
mold, clamping the mold, injecting a molten molding resin into a cavity of the mold, and 
allowing the molding resin to set, wherein the in-mold decorating sheet 61 is integrally 
bonded to a surface of a resin molded article 74, by which an in-mold decorated article is 
obtained (see Fig. 34). 
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[0005] The in-mold decorating sheet is, generally, composed of a pattern layer having 
a pattern, a substrate sheet serving for covering and protecting the pattern layer, and a 
backing sheet for protecting the decorating sheet against heat and pressure caused by the 
molding resin or serving as a pattem sheet by itself 
5 [0006] However, such in-mold decorating sheets as described above have had the 
following issues, respectively. 

[0007] A first issue is that unless the in-mold decorating sheet is made from a material 
having certain properties, the in-mold decorating sheet could be neither three-dimensionally 
worked into a desired configuration nor processed for in-mold decorating. 

10 [0008] That is, in a case where the in-mold decorating sheet is made from a material 
such as a pure ethylene-vinyl acetate film, there has been an issue that heat of molding resin 
injected during an injection molding process is applied to the in-mold decorating sheet and, 
additionally, the in-mold decorating sheet is stretched along the flow of the molding resin, 
leading to a break of the in-mold decorating sheet. 

15 [0009] Also, in another case where the in-mold decorating sheet is made from a 
material having high heat resistance and low elongatability such as biaxially oriented 
polyethylene terephthalate, polyimide, polyether etherketone, polysulfone, polyethersulfone, 
polyetherimide, or polyamide-imide films, there has been an issue that it is difficult to work 
the in-mold decorating sheet into a three-dimensional configuration. In particular, the more 

20 deeply the in-mold decorating sheet is drawn, the more difficult it is to work the in-mold 
decorating sheet into a three-dimensional configuration. 

[0010] Further, when the in-mold decorating sheet is made from a material having low 
rigidity, the in-mold decorating sheet becomes liable to collapse in its three-dimensional 
configuration after three-dimensional working of the in-mold decorating sheet, leading to a 
25 lowered configuration retainability. In such a case, there has been an issue that it becomes 
difficult to process an in-mold decorating sheet for trimming or in-mold decorating. 
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[0011] Therefore, it is an object of the present invention to provide an in-mold 
decorating sheet, as well as an in-mold decorated article using this in-mold decorating sheet, 
which in-mold decorating sheet is suited for working into a three-dimensional configuration 
without breaking due to heat of molding resin injected during an injection molding process, 
5 and which is superior in configuration retainability after working the in-mold decorating 
sheet into a three-dimensional configuration, 

SUMMARY OF THE INVENTION 

[0012] In order to accomplish the above object, the present invention has the following 
10 constitutions. 

[0013] According to a first aspect of the present invention, there is provided an in- 
mold decorating sheet having high three-dimensional workabihty for use in a manufacturing 
method of an in-mold decorated article. The mediod comprises setting an in-mold decorating 
sheet into a mold for in-mold decorating sheet injection-molding. After clamping the mold, 
15 molding resin is injected and allowed to cool and soUdify, by which all or part of the in-mold 
decorating sheet is integrally bonded to a surface of the molding resin. 
[0014] The in-mold decorating sheet comprises at least a substrate sheet and a backing 
sheet, exhibits a colored state, and has the following characteristic values: 

(1) when a tensile test is carried out with a 10 mm wide test specimen of the 
20 in-mold decorating sheet fixed between a pair of chucks at a chuck-to-chuck distance of 5 

mm, by applying a load at a constant rate of 500 mm/min to one end of the test specimen 
under an ambient temperature condition of 62 - 94°C, the test specimen exhibits a tensile 
load at breakage of not less than 23 gf; 

(2) the in-mold decorating sheet changes in properties due to heat within a 
25 temperature range of 40 - 200°C; and when a tensile test is carried out with a 10 mm wide 

test specimen of the in-mold decorating sheet fixed between a pair of chucks at a chuck-to- 
chuck distance of 5 mm, by applying a load of 20 gf at a constant rate of 500 mm/min to one 
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end of the test specimen under an ambient temperature condition within a range from the 
temperature of property change to a temperature at which the in-mold decorating sheet is 
thermally decomposed, the test specimen exhibits a tensile elongation at breakage of not less 
than 130%. 

5 [001 5] According to a second aspect of the present invention, there is provided the in- 
mold decorating sheet according to the first aspect, wherein the manufacturing method of the in- 
mold decorated article comprises: after woridng tiie in-mold decorating sheet into a three- 
dimensional configuration, removing portions of the in-mold decorating sheet unnecessary for 
decorating by performing a trimming process; then setting the in-mold decorating sheet into the 

10 mold for injection-molding; and after clamping the mold, injecting molding resin and allowing 
the molding resin to be cooled and sohdified, by which all or part of the in-mold decorating sheet 
is integrally bonded to a surface of the molding resin. When a tensile test is carried out with a 
10 mm wide test specimen of the in-mold decorating sheet fixed between a pair of chucks 
at a chuck-to-chuck distance of 5 mm, by applying a load at a constant rate of 500 mm/min 

15 to one end of the test specimen under an ambient temperature condition of 25°C, a product 
of Young's modulus and a cube of thickness of the in-mold decorating sheet measured during 
the tensile test is not less than 1 kgfinml 

[0016] According to a third aspect of the present invention, there is provided an in- 
mold decorating sheet according to the first or second aspect, wherein a pencil hardness value of 
20 the in-mold decorating sheet measured on one side thereof opposite to the side to be bonded to 
the molding resin is 3B - 2H. 

[0017] According to a fourth aspect of the present invention, there is provided an in-mold 
decorating sheet according to the third aspect, wherein the substrate sheet is a film selected from 
among undrawn or lightly-drawn polyethylene terephthalate fihn, noncrystalline or low- 
25 crystalline polyester copolymer film, acrylic film, polycarbonate film, polypropylene film, 
polybutylene terephtfialate film, polystyrene film, polyurethane film, acrylonitrile butadiene- 
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styrene copolymer film, nylon film, polyvinyl chloride film, fluoric film, and cellulose 
acetate film. 

[0018] According to a fifth aspect of the present invention, there is provided an in- 
mold decorating sheet according to any one of the first to fourth aspects, wherein a thickness of 
the in-mold decorating sheet is not less than 250 ^um, a thickness of the in-mold decorating sheet 
excluding thickness of the backing sheet is not more than 200 fxm^ and color of the backing sheet 
is dark and falls within the following ranges in the CIE1976(L*a*b*) color system: 
9 ^ L* ^ 75 

-40 ^ a* ^ 40 

-60 ^ b* ^ 30. 

[0019] According to a sixth aspect of the present invention, there is provided an in- 
mold decorating sheet according to the fifth aspect, wherein the backing sheet is a film selected 
fi^om among acrylic film, undrawn or lightly-drawn polyethylene terephthalate film, 
noncrystalline or low-crystalline polyester copolymer film, polypropylene film, polyethylene 
film, polystyrene film, fluoric film, polybutylene terephthalate film, methacryl-styrene 
copolymer fihn, acrylonitrile butadiene-styrene copolymer film, polycarbonate film, 
polyurethane film, nylon film, polyvinyl chloride film, and nitrocellulose film. 
[0020] According to a seventh aspect of the present invention, there is provided an in- 
mold decorating sheet according to any one of the first to fifth aspects, wherein material of the 
backing sheet is a material which prevents vaporization and foaming, 
[0021] According to an eighth aspect of the present invention, there is provided an in-mold 
decorating sheet according to any one of the first to seventii aspects, wherein a difference in 
shrinkage factor between the substrate sheet and the backing sheet is 0/1000 - 8/1000. 
[0022] According to a ninth aspect of the present invention, there is provided an in- 
mold decorating sheet according to the eighth aspect, wherein the substrate sheet is an acrylic 
film and the backing sheet is a polypropylene fihn containing olefin rubber and a filler 
material. 



[0023] According to a tenth aspect of the present invention, there is provided an in- 
mold decorating sheet according to the ninth aspect, wherein when the olefin rubber is 
ethylene propylene rubber or ethylene-propylene-diene terpolymer, and its content is 20 - 
150 parts by weight on the basis of 100 parts by weight of propylene resin. 
5 [0024] According to an eleventh aspect of the present invention, there is provided an 
in-mold decorating sheet according to the ninth aspect, wherein when the filler material is 
talc, its content is 5 - 20 parts by weight on the basis of 100 parts by weight of propylene 
resin. 

[0025] According to a twelvth aspect of the present invention, there is provided an in- 
10 mold decorating sheet according to any one of the first to eleventh aspects, wherein a pattem 
layer is formed between the substrate sheet and the backing sheet. 

[0026] According to a thirteenth aspect of the present invention, there is provided a 
method for manufacturing an in-mold decorating sheet, wherein when the pattem layer of the in- 
mold decorating sheet defined in the twelvth aspect is formed, a carrier sheet, whose dimensional 
15 change rate imder an ambient temperature of 90°C is within 0.6%, is laminated onto the 
substrate sheet, and the pattem layer is formed on a surface of the substrate sheet or the 
backing sheet opposite to the carrier sheet. 

[0027] According to a fourteenth aspect of the present invention, there is provided a 
method for manufacturing an in-mold decorating sheet, wherein when the pattem layer of the 
20 in-mold decorating sheet defined in the twelvth aspect is formed, the pattem layer is formed 
on a carrier sheet whose dimensional change rate under an ambient temperature of 90°C is 
Avithin 0.6%, and thereafter the substrate sheet is laminated onto the pattem layer side, and 
fiirther the carrier sheet is separated and removed from the pattem layer so that the pattem 
layer is formed on a surface of the substrate sheet or the backing sheet. 

25 
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[0028] According to a fifteenth aspect of the present invention, there is provided a 
method for manufacturing an in-mold decorating sheet according to the thirteenth or fourteenth 
aspect, wherein the carrier sheet is a biaxially oriented polyester fihn or a biaxially oriented 
polypropylene film. 

5 [0029] According to a sixteenth aspect of the present invention, there is provided an in- 
mold decorating sheet according to any one of the first to fifteenfli aspects, wherein a second 
pattern layer is formed between the backing sheet and the pattem layer. 
[0030] According to a seventeenth aspect of the present invention, there is provided an 
in-mold decorating sheet according to the sixteenth aspect, wherein the substrate sheet is made 
10 fi^om an easily vaporizable, foamable material, and the second pattem layer is made fi"om a 
material that prevents vaporization and foaming. 

[0031] According to an eighteenth aspect of the present invention, there is provided 
an in-mold decorating sheet according to the seventeeth aspect, wherein the second pattem 
layer is made fi'om any material selected from among polyethylene resin, polypropylene 

15 resin, styrene resin, fire-retardant ABS resin, and thermoplastic polybutadiene resin. 

[0032] According to a ninteeth aspect of the present invention, there is provided an 
in-mold decorating sheet according to any one of the first to sixteenth aspects, wherein the 
backing sheet is a lamination of a plurality of sheets, and a difference in shrinkage factor 
between the substrate sheet and the sheet farthest from the substrate sheet is 0/1000 - 8/1000. 

20 [0033] According to a twentieth aspect of the present invention, there is provided an 
in-mold decorating sheet according to the ninteenth aspect, wherein the backing sheet is formed 
from a plurality of polypropylene film layers, the substrate sheet is an acrylic film, and at 
least the propylene fihn layer farthest from the acrylic film contains olefin mbber and/or a 
filler material. 

25 [0034] According to a twentifirst aspect of the present invention, there is provided an 
in-mold decorated article formed by a method comprising: setting into a mold the in-mold 
decorating sheet defined in any one of the first to twelvth and the fifteenth to twentieth 
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aspects; and after clamping the mold, injecting molding resin and allowing the molding resin 
to be cooled and solidified, by which all or part of the in-mold decorating sheet is integrally 
bonded to a surface of the molding resin. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] These and other aspects and features of the present invention will become clear 
fi-om the following description taken in conjunction with the preferred embodiments thereof 
with reference to the accompanying drawings, in which: 

[0036] Fig. 1 is a sectional view showing one of the steps of a method for 
10 manufacturing an in-mold decorated article using an in-mold decorating sheet according to 
a first embodiment of the present invention; 

[0037] Fig. 2 is a sectional view showing one of the steps of the method for 
manufacturing the in-mold decorated article using the in-mold decorating sheet according to 
the first embodiment; 

15 [0038] Fig. 3 is a sectional view showing one of the steps of the method for 
manufacturing the in-mold decorated article using the in-mold decorating sheet according to 
the first embodiment; 

[0039] Fig. 4 is a sectional view showing the in-mold decorated article obtained by 
the in-mold decorated article manufacturing method according to the first embodiment; 
20 [0040] Fig. 5 is a sectional view showing the in-mold decorating sheet according to 
the first embodiment; 

[0041] Fig. 6 is a sectional view showing the in-mold decorating sheet according to 
the first embodiment; 

[0042] Fig. 7 is a sectional view showing the in-mold decorating sheet according to 
25 the first embodiment; 

[0043] Fig. 8 is a sectional view showing the in-mold decorating sheet according to 
the first embodiment; 
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[0044] Fig. 9 is a sectional view showing a three-dimensionally worked in-mold 
decorating sheet to be used for the in-mold decorated article manufacturing method 
according to the first embodiment; 

[0045] Fig. 10 is a sectional view showing one of the steps of the method for 
5 manufacturing the in-mold decorated article according to the first embodiment; 

[0046] Fig. 1 1 is a sectional view showing one of the steps of the method for 
manufacturing the in-mold decorated article according to the first embodiment; 
[0047] Fig, 12 is a perspective view showing a tensile tester for measuring tensile 
strength of an in-mold decorating sheet; 
10 [0048] Fig. 13 is a plan view showing a portion for fixing a test specimen in the tensile 
tester; 

[0049] Fig. 14 is a sectional view showing a portion for fixing a test specimen in the 
tensile tester; 

[0050] Fig. 15 is a view showing a pencil scratching tester for measuring pencil 
15 hardness of a substrate film (substrate sheet) on a surface opposite to the surface on which 
the substrate film is to be bonded to molding resin; 

[0051] Fig. 16 is a view showing integrating sphere type light transmittance measuring 
equipment to be used for determining a haze value of the substrate fihn (substrate sheet); 
[0052] Fig, 17 is a sectional view showing an insert film as the in-mold decorating 
20 sheet according to the first embodiment of the present invention; 

[0053] Fig. 18 is a sectional view showing one of the steps of a method for 
manufacturing an insert film as an in-mold decorating sheet according to a sixth embodiment 
of the present invention; 

[0054] Fig. 19 is a sectional view showing one of the steps of the method for 
25 manufacturing the insert film as the in-mold decorating sheet according to the sixth 
embodiment of the present invention; 
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[0055] Fig. 20 is a sectional view showing one of the steps of the method for 
manufacturing the insert fihn as the in-mold decorating sheet according to the sixth 
embodiment of the present invention; 

[0056] Fig. 21 is a sectional view showing one of the steps of a method for 
5 manufacturing an in-mold decorated article by using the insert film as the in-mold decorating 
sheet according to the sixth embodiment of the present invention; 
[0057] Fig. 22 is a sectional view showing one of the steps of the method for 
manufacturing the in-mold decorated article by using the insert film as the in-mold 
decorating sheet according to the sixth embodiment of the present invention; 

10 [0058] Fig. 23 is a sectional view showing one of the steps of the method for 
manufacturing the in-mold decorated article by using the insert film as the in-mold 
decorating sheet according to the sixth embodiment of the present invention; 
[0059] Fig. 24 is a sectional view showing the in-mold decorated article obtained by 
using the insert film as the in-mold decorating sheet according to the sixth embodiment of 

15 the present invention; 

[0060] Fig. 25 is a perspective view showing equipment for measuring tensile 
elongation at break of an insert film as an in-mold decorating sheet; 
[0061] Fig. 26 is a plan view showing a portion for fixing a test specimen in the 
equipment for measuring tensile elongation at break of the insert film; 

20 [0062] Fig. 27 is a sectional view showing the portion for fixing the test specimen in 
the equipment for measuring tensile elongation at break of the insert film; 
[0063] Fig. 28 is a sectional view showing a decorating insert film as an in-mold 
decorating sheet according to a third embodiment of the present invention; 
[0064] Fig. 29 is a sectional view showing the decorating insert film as the in-mold 

25 decorating sheet according to the third embodiment of the present invention; 
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[006S] Fig. 30 is a sectional view showing a method for manufacturing an in-mold 
decorated article using a trinuned decorating insert film as the in-mold decorating sheet 
according to the third embodiment of the present invention; 

[0066] Fig. 3 1 is a sectional view showing a method for manufacturing the in-mold 
5 decorated article using the trinmied decorating insert film as the in-mold decorating sheet 
according to the third embodiment of the present invention; 

[0067] Fig. 32 is a sectional view showing a trimming example of a decorating insert 
fihn as an in-mold decorating sheet; 

[0068] Fig. 33 is a sectional view showing a trimming example of a decorating insert 
10 film as an in-mold decorating sheet; 

[0069] Fig. 34 is a perspective view shoAving an example of an in-mold decorated 
article as an in-mold decorating sheet; 

[0070] Fig. 35 is a sectional view showing a method for manufacturing an insert- 
molded decorated article using a trimmed decorating insert film according to the prior art; 

15 [0071] Fig. 36 is a sectional view showing a method for manufacturing an insert- 
molded decorated article using a trimmed decorating insert film according to the prior art; 
[0072] Fig. 37 is a sectional view showing a method for manufacturing an insert- 
molded decorated article using a trimmed decorating insert film according to the prior art; 
[0073] Fig. 38 is a sectional view showing a preforming decorating sheet as an in- 

20 mold decorating sheet according to a fifth embodiment of the present invention; 

[0074] Fig. 39 is a sectional view showing the preforming decorating sheet as the in- 
mold decorating sheet according to the fifth embodiment of the present invention; 
[0075] Fig. 40 is a sectional view showing a preforming decorating sheet as an in- 
mold decorating sheet according to a fourth embodiment of the present invention; 

25 [0076] Fig. 4 1 is a sectional view showing the preforming decorating sheet as the in- 
mold decorating sheet according to the fourth embodiment of the present invention; 
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[0077] Fig. 42 is a sectional view showing an in-mold decorating sheet according to 
a sixth embodiment of the present invention; 

[0078] Fig. 43 is a sectional view showing the in-mold decorating sheet according to 
the sixth embodiment of the present invention; 

[0079] Fig. 44 is a sectional view showing the in-mold decorating sheet according to 
the sixth embodiment of the present invention; 

[0080] Fig. 45 is a sectional view showing a state of an embodiment in which a 
backing sheet adjacent to a substrate sheet is provided as a colored sheet of metallic red or 
the like with black pigment mixed therein; 

[0081] Fig. 46 is a sectional view showing a state of an embodiment in which a 
backing sheet adjacent to a substrate sheet with a thickness of 200 //m or less is provided as 
a colored sheet of metallic red or the like with black pigment mixed therein; 
[0082] Fig. 47 is a sectional view showing a state of an embodiment in which a 
backing sheet is adjacent to a colored substrate sheet; 

[0083] Fig. 48 is a sectional view showing a state of an embodiment in which a 
transparent colored pattem layer is set between two colorless, transparent substrate sheets 
with a total thickness of 200 fjm or less; 

[0084] Fig. 49 is a graph showing a relationship between a tensile test curve at an 
environmental temperature of 25°C and a tensile test curve at temperatures at which the 
environmental temperature varies in nature due to heat; 

[0085] Fig. 50 is a side view of a portion for fixing a test specimen in the pencil 
scratching tester of Fig. 15; and 

[0086] Fig. 51 is a plan view of a portion for fixing a test specimen in the pencil 
scratching tester of Fig. 1 5 . 
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DESCMPTION OF THE PREFERRED EMBODIMENTS 



[0087] Before the description of the present invention proceeds, it is to be noted that 
like parts are designated by like reference numerals throughout the accompanying drawings. 
(First Embodiment) 

[0088] Hereinbelow, a first embodiment of the present invention is described in detail 
with reference to the accompanying drawings. 

[0089] Figs. 1 to 3 are sectional views each showing one of the steps of the method 
for manufacturing an in-mold decorated article using an in-mold decorating sheet according 
to a first embodiment of the present invention. Fig. 4 is a sectional view showing the in- 
mold decorated article obtained by the in-mold decorated article manufacturing method 
according to the first embodiment. Fig. 5 is a sectional view showing the in-mold decorating 
sheet according to the first embodiment of the present invention. Fig. 6 is a sectional view 
showing an in-mold decorating sheet according to the first embodiment of the present 
invention. Fig. 7 is a sectional view showing an in-mold decorating sheet according to the 
fu-st embodiment of the present invention. Fig. 8 is a sectional view showing an in-mold 
decorating sheet according to the first embodiment of the present invention. Fig. 9 is a 
sectional view showing a three-dimensionally worked in-mold decorating sheet to be used 
for the in-mold decorated article manufacturing method according to the first embodiment 
of the present invention. Fig. 10 is a sectional view showing one of the steps of the method 
for manufacturing an in-mold decorated article according to the first embodiment of the 
present invention. Fig. 1 1 is a sectional view showing one of the steps of the method for 
manufacturing an in-mold decorated article according to the first embodiment of the present 
invention. Fig. 12 is a perspective view showing a tensile tester for measuring a tensile 
strength of an in-mold decorating sheet. Fig. 13 is a plan view showing a portion for fixing 
a test specimen in the tensile tester. Fig. 14 is a sectional view showing a portion for fixing 
a test specimen in the tensile tester. Fig. 15 is a view showing a pencil scratching tester for 
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measuring pencil hardness of a substrate film (substrate sheet) on one surface opposite to a 
surface on which the substrate film is bonded to molding resin. Fig. 16 is a view showing 
integrating sphere type light transmittance measuring equipment to be used for determining 
a haze value of the substrate film (substrate sheet). Fig. 50 is a side view of a portion for 
5 fixing a test specimen in the pencil scratching tester of Fig. 15. Fig. 51 is a plan view of a 
portion for fixing a test specimen in the pencil scratching tester of Fig. 15. 
[0090] In the figures: 1 denotes a substrate film (substrate sheet); la a low-crystalline 
polypropylene film; lb a low-crystalline or noncrystalline polypropylene film; Ic a high- 
crystalline propylene fihn; 2 a pattem layer; 3 an in-mold decorating sheet; 4 a movable die 

10 of an injection mold; 5 a stationary die of the injection mold to which the movable die 4 is 
clamped; 6 cavity-forming surfaces of the movable die 4 and the stationary die 5; 7 a clamp 
member for positioning and clamping the in-mold decorating sheet 3 to the movable die 4; 
8 a gate portion of the stationary die 5; 9 vacuum suction holes formed in the movable die 
4 and serving for vacuum-sucking the in-mold decorating sheet 3, which has been positioned 

15 to the movable die 4 by the clamp member 7, along an inner surface of the cavity of the 
movable die 4; 10 molding resin; 11a cavity formed by the movable die 4 and the stationary 
die 5; 12 a resin-molded article; 13 a test specimen; 14 screws; 15 an upper chuck; 16 a 
lower chuck; 17 a movable member; 18 a pencil; 19 a test specimen mount; 20 a weight; 21 
a test specimen; 22 a standard white plate; 23 a light trap; 24 a light source; 25 an integrating 

20 sphere; and 26 a light receiver. 

[0091] The in-mold decorating sheet 3 (45 in Fig. 17) according to the first 
embodiment of the present invention is an in-mold decorating sheet 3 which includes a 
substrate film (substrate sheet) 1 (31 in Fig. 17) and a pattem layer 2 (32 in Fig. 17), and 
which is used in a method for manufacturing an in-mold decorated article. The method 

25 comprises: after working the in-mold decorating sheet 3 into a three-dimensional 
configuration as shown in Fig. 9, removing portions thereof urmecessary for decoration 
through a trinmung process; then setting the in-mold decorating sheet 3 into the movable die 
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4 for injection molding as shown in Fig. 10; and after clamping the mold, injecting the 
molding resin 10, cooling and setting the injected molding resin 10 as shown in Fig. 11, 
thereby integrally bonding all or part of the in-mold decorating sheet 3 to a surface of the 
molding resin 10. The in-mold decorating sheet 3 (45 in Fig. 17) is made up so as to include 
5 at least a pattem layer 2 (32 in Fig. 17), a substrate film (substrate sheet) 1 (3 1 in Fig. 17) 
having the pattem layer 2 (32 in Fig. 17), and a backing sheet (33 in Fig. 17). Further, the 
in-mold decorating sheet 3 has characteristics as described in the following (1) - (3): 
[0092] (1) As shown in Figs. 12 to 14, when a tensile test is carried out with a 10 mm 
wide test specimen 13 of the in-mold decorating sheet (3, 45) fixed between a pair of chucks 

10 15, 16 at a chuck-to-chuck distance of 5 mm, by applying a load at a constant rate of 500 
mm/min to one end of the test specimen 13 under an ambient temperature condition of 62 - 
94°C, the test specimen 13 exhibits a tensile load at breakage of not less than 23 gf. 
[0093] (2) As shown in Figs. 12 to 14, when a tensile test is carried out with a 10 mm 
wide test specimen 13 of the in-mold decorating sheet 3 fixed between a pair of chucks 15, 

15 16 at a chuck-to-chuck distance of 5 mm, by applying a load at a constant rate of 500 
mm/min to one end of the test specimen 13 imder an ambient temperature condition of 25°C, 
a product of Young's modulus and a cube of a thickness of the in-mold decorating sheet 3 
measured at the time of the tensile test is not less than 1 kgfinm^. 

[0094] (3) The in-mold decorating sheet 3 changes in properties due to heat within a 
20 temperature range of 40 - 200°C; and as shown in Figs. 25 to 27, when a tensile test is 
carried out with a 10 mm wide test specimen 50 of the in-mold decorating sheet 45 fixed 
between a pair of chucks 52, 53 at a chuck-to-chuck distance of 30 mm, by applying a load 
of 20 gf at a constant rate of 100 mm/min to one end of the test specimen 50 under an 
ambient temperature condition within a range from the above temperature of property change 
25 to a temperature at which the in-mold decorating sheet 3 is thermally decomposed, the test 
specimen 50 exhibits a tensile elongation at breakage of not less than 130%. 
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[0095] The present inventor has discussed conditions under which the in-mold 
decorating sheet does not break during a molding process with respect to the foregoing first 
issue of the prior art. As a result, it is determined that the above characteristics (1) - (3) are 
necessary. 

5 [0096] As a feature for the in-mold decorating sheet not to break during a molding 
process, as has been described as characteristic (1), as shown in Figs. 12 to 14, it was 
determined that when a tensile test is carried out with a 10 mm wide test specimen 13 of the 
in-mold decorating sheet 3 fixed between a pair of chucks 15, 16 at a chuck-to-chuck 
distance of 5 nun, by applying a load at a constant rate of 500 mm/min to one end of the test 
10 specimen 13 under an ambient temperature condition of 62 - 94°C, the test specimen 13 
needs to exhibit a tensile load at breakage of not less than 23 kgf. 

[0097] The reason why the in-mold decorating sheet 3 breaks during a molding 
process is that when heat of the molding resin 10 is applied to the in-mold decorating sheet 
3 so that the in-mold decorating sheet 3 is stretched along the flow of the molding resin 10, 
15 the in-mold decorating sheet 3 does not have sufficient strength to limit deformation thereof 
so that breakage does not occur, 

[0098] The injection temperature of the molding resin 10, in most cases, is 150 - 
280°C. Therefore, first, in a case where (I) ethylene-vinyl acetate resin moldable at 150°C 
is injection-molded at the temperature, an in-mold decorating process was carried out with 

20 various types of in-mold decorating sheets, and the in-mold decorating sheets 3 were 
classified into those which broke during the molding process and those which did not break. 
Also, in another case where (II) polycarbonate resin moldable at 280°C is injection-molded 
at the temperature, a similar in-mold decorating process was carried out, and the in-mold 
decorating sheets 3 were classified into those which broke during the molding process and 

25 those which did not break. It is noted that as a result of measuring the temperatures of 
surfaces of the in-mold decorating sheets during the molding process, the temperature was 
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around 62°C in the case of (I), and around 94°C in the case of (H), due to transfer of heat of 
the injection molding resin. 

[0099] Therefore, the reason why the temperature range was set to 62 - 94°C is that 
because an optimum injection temperature for most molding resins used for injection- 
5 molding is 150 - 280°C as described above, the in-mold decorating sheet is required to have 
such a strength as not to break even if the surface temperature of the in-mold decorating 
sheet is increased to 280°C due to transfer of heat of the resin to the in-mold decorating 
sheet. Further, some molding resins have optimum injection temperatures of higher than 
280°C, and using such a resin would cause the in-mold decorating sheet to deteriorate 
10 regardless of how material of the in-mold decorating sheet is improved. Also, other molding 
resins have an optimum injection temperature of lower than 150°C, and using such a resin 
would cause the resulting in-mold decorated article to be insufficient in heat resistance 
performance. 

[0100] Next, for each of the classified in-mold decorating sheets, a tensile test was 
15 carried out with a 10 mm wide test specimen 13 of the in-mold decorating sheet fixed 
between a pair of chucks 15, 16 at a chuck-to-chuck distance of 5 mm, by applying a load 
at a constant rate of 500 mm/min to one end of the test specimen 13 under an ambient 
temperature condition of 62°C in compliance with the measurement method defined in JIS 
K7127-1989 (see Figs. 12 to 14). As a result, test specimens of all of in-mold decorating 
20 sheets that had the same characteristics as those of the characteristic (1) above, and that 
broke during the in-mold decorating process exhibited tensile loads at breakage of less than 
20 gf Also, as a result of a similar tensile test carried out under an ambient temperature 
condition of 94°C (see Figs. 12 to 14), test specimens of all of in-mold decorating sheets that 
had the same characteristics as those of the characteristic (2) above, and that broke during 
25 the in-mold decorating process exhibited tensile loads at breakage of less than 23 gf 
Therefore, it is determined that the in-mold decorating sheet is required to have a strength 



-17- 



of at least 23 gf or more tensile load at breakage in order to be prevented from breaking 
during a molding process, 

[0101] It is noted here that the terms "ambient temperature" refer to a temperature of 
a test specimen in which the test specimen has been heated to the same temperature as that 
5 of the atmosphere of the test specimen. 

[0102] The test specimen 13 is obtained by cutting an in-mold decorating sheet into 
a width of 10 mm and into such a size as can be provided for a tensile test using a pair of 
chucks 15, 16 at a chuck-to-chuck distance of 5 mm. The reason why the test specimen 13 
is not large-sized is to prevent the test specimen 13 from softening and wrinkling all over 

1 0 under the above ambient temperatures before pulling the test specimen 13. Also, making the 
test specimen 13 into an excessively small size would cause measurement errors to increase. 
Because of these reasons, the test specimen 13 was made into as small a size as possible so 
that the measurement error is negligible, and then, the above size of the test specimen 13 was 
obtained. Referring to Figs. 12 to 14, the upper chuck 15 is fixed by a screw 14 while 

15 pinching an upper end of the test specimen 13. Also, the lower chuck 16 is fixed by a screw 
14 while pinching a lower end of the test specimen 13. As shown in Figs. 12 to 14, while the 
upper chuck 15 is fixed to the tester, the lower chuck 16 is lowered at a rate of 500 mm/min 
by movable member 17, thereby causing a tensile force to act on the test specimen 13. 
[0103] Further, the rate of 500 mm/min at which the test specimen 13 is pulled, has 

20 been selected as one that is the fastest within a measurable range for general tensile testers 
due to the fact that the rate at which the in-mold decorating sheet is stretched during actual 
three-dimensional working and injection molding processes is so fast that only a few types 
of equipment are capable of measurement with repeatability. Even though this rate is slower 
than rates at which the in-mold decorating sheet is stretched during working, measurement 

25 data actually do not change so much even when the setting of the pulling rate is changed, 
hence allowing sufficient simulation to be performed. 
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[0104] Also, since molding dies other than the injection molding dies are used in the 
three-dimensional working process as described in characteristic (2) above, there arises a 
need for a step of inserting the in-mold decorating sheet 3 into the injection molding dies 4, 
5. As a result, the in-mold decorating sheet 3 is required to have rigidity. 
[0105] This rigidity is proportional to Young's modulus of the in-mold decorating 
sheet 3 at an ambient temperature of 25 °C and a cube of its thickness. For the in-mold 
decorating sheet 3 in this first embodiment of the present invention, the Young's modulus is 
defined by an initial modulus of elongation resulting when the above-described tensile test 
is performed with the width of the test specimen 13, the distance between the chucks 15, 16, 
and the rate as described above (that is, an initial modulus of elongation resulting when a 
tensile test is performed with a 10 mm wide test specimen 13 of the in-mold decorating sheet 
fixed between a pair of chucks 15, 16 at a chuck-to-chuck distance of 5 mm, by applying a 
load at a constant rate of 500 mm/min to one end of the test specimen 13 under an ambient 
temperature condition of 25°C by a measuring method complying with the measuring method 
of JIS K7 127- 1989 as shown in Figs. 12 to 14). As a result of performing detailed tests (see 
the following Table 1), it was determined that unless the product of Young's modulus of the 
in-mold decorating sheet and the cube of its thickness is at least 1 kgfinm^, it is impossible 
to punch the in-mold decorating sheet or to fulfill the mold inserting work. For more 
efficient work, it is necessary that the product of Young's modulus of the in-mold decorating 
sheet 3 and the cube of its thickness be 5 kgfinm^ or more. 
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[0106] Table 1: 



Substrate 
sheet 


Backing 
sheet 


Young's 

IIKJUUJ.US Oj 

in-nK)ld 

dpnoT'.a'h 1 nrr 

v-tcto^^JL O I. jLI lU 

sheet 


Thickness 
• of in-molc 
decorating 
sheet 


Product oi 
i Young's 
modulus 
and cube 
of 

thickness 
of in-mold 
decorating 
sheet at 
an arrbient 
teirperature 


r Insert- 
ability 


Acrylic, 
0.05 rrm 


Polypropylene 
0.18 rrm. 


80 kgf/mn^ 


0.23 mn 


0.97 kgfirm 


X 


Acrylic, 
0,05 rrm 


Polypropylene 
0.19 rnn 


80 kgf/imf 


0.24 rmi 


1-11 kgfirm 


A 


Acrylic, 
0.05 rnn 


Polypropylene 
0.30 ran 


.80 kgf/mn^ 


0.35 rrm 


3.43 kgfinn 


A 


Acrylic, 
0.05 rrm 


Polypropylene 
0 . 35 rrm 


80 kgf/inn^ 


0.40 rrm 


5.12 kgfrrm 


O - (5) 


Acrylic, 
0.05 irni 


Polypropylene 
0 - 45 nrm 


80 kgf/rrm^ 


0.50 rrm 


10.0 kafimi 


(3) 


Acrylic, 

0 07 rnn 
\y m \j f mil 


ABS 0.12 rrm 


140 kgf/mn^ 


0.19 rrm 


0 96 kTrfrrm 


X 


Acrylic, 

0 07 nm 


ABS 0.13 itm 


140 kgf/mn== 


0.20 rrm 




A 

A 


Acrylic, 
0.07 nm 


ABS 0.28 rrm 


140 kgf/imf 


0.35 rrm 


3.78 kgfem 


A 


Acrylic, 
0.07 imi 


ABS 0.33 rrm 


140 kgf/imf 


0.40 rrm 


8.96 kgfom 


© 


Acrylic, 
0.07 nm 


Polycarbonate 
0.1 rrm 


180 kgf/nm? 


0.17 rrm 


0.88 kgfimi 


X 


Polycarbcnate, 
0.07 irni 


Polycarbonate 
0.1 mn 


210 kgf/mm* 


0.17 rrm 


1.03 kgj&rm 


A 


Acrylic, 
0.07 irm 


Polycarbonate 
0,11 ma 


180 kgf/rnn' 


0.18 irm 


1.05 kgfirm 


A 


Polycarbonate, 
0.07 mn 


Polycarbonate 
0.09 nm 


210 kgf/itm' 


0.16 mn 


0.86 kgfirm 


X 
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[0107] It was also found that, as described in characteristic (3) above, when a tensile 
test is performed according to the measuring method of JIS K7 127- 1989, the temperature at 
which the in-mold decorating sheet is changed in properties due to heat is within a range of 
40 - 200°C, and that when as shown in Figs. 25-27, a tensile test is carried out with a 10 mm 
wide test specimen 50 of the in-mold decorating sheet fixed between a pair of chucks 52, 53 
at a chuck-to-chuck distance of 30 mm, by applying a load of 20 gf at a constant rate of 100 
mm/min to one end of the test specimen 50 under an ambient temperature condition within 
a range from the above temperature of property change to a temperature at which the in-mold 
decorating sheet is thermally decomposed, the test specimen 50 is required to exhibit a 
tensile elongation at breakage of not less than 130%. In Figs. 25 to 27, the upper chuck 52 
is fixed by a screw 5 1 while pinching an upper end of the test specimen 50. Also, the lower 
chuck 53 is fixed by a screw 51 while pinching a lower end of the test specimen 50. As 
shown in Figs. 25 to 27, while the upper chuck 52 is fixed to the tester, the lower chuck 53 
is lowered at a rate of 100 mm/min by a movable member 54, causing a tensile force to act 
on the test specimen 50. 

[0108] The temperature at which properties change due to heat herein refers to a 
temperature at which Young's modulus at the temperature becomes at most 80% of Young's 
modulus that is exhibited under an ambient temperature of 25°C (see Fig, 49). It is noted 
that 01 is the gradient at the ambient temperature of 25°C, and is the gradient at the 
temperature at which property change results from heat of the ambient temperature, where 
(80% angle ofOO^ O2. 

[0109] In order to allow an easy three-dimensional working of the in-mold decorating 
sheet, it is necessary that the in-mold decorating sheet be softened at least at a certain 
temperature, and that when loaded under a temperature higher than the certain temperature, 
the in-mold decorating sheet stretch without breaking. Therefore, the temperature range of 
property change due to heat is defined as 40 - 200°C. 
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[0110] The reason of this is that (T) with a material faUing within a temperature range 
below 40°C, the in-mold decorating sheet is less resistant to heat so that the in-mold 
decorating sheet may peel from the decorated article due to temperature rises during summer; 
and that (II) with a material that is not thermally deformed even at 200°C, the in-mold 
5 decorating sheet requires too much time to be processed for three-dimensional working. 
[0111] A further optimal temperature range for property change due to heat varies 
depending on the purpose of use. For example, for household electrical appliances such as 
refrigerators and air conditioners, because of their large product size and importance of three- 
dimensional workability, materials showing property change at temperatures of 40 - 160°C 
10 are preferably chosen. For applications to interior automotive trims, in which high heat 
resistance and deep three-dimensional workability are required, materials showing property 
change at temperatures of 60 - 150*^C are preferably chosen. 

[0112] The thickness of the in-mold decorating sheet (3, 45) is, preferably, within a 
range of 50 - 2000 jum. With a thickness over 2000 //m, the in-mold decorating sheet is inferior 

15 in moldabiUty, so that the in-mold decorating sheet requires too much time to be worked into a 
three-dimensional configuration. With a thickness below 50 //m, there occurs such molding 
failures as wrinkUng of the in-mold decorating sheet during molding integration. Also, with a 
working sequence which includes: three-dimensionally working the in-mold decorating sheet; 
thereafter removing portions of the in-mold decorating sheet unnecessary for decorating by 

20 trimming; and then setting the resultant in-mold decorating sheet into an injection mold, most 
in-mold decorating sheets having a thickness of less than 250 fjm would not satisfy the condition 
described in characteristic (2) above. 

[01 13] More preferably, the thickness is within a range of 250 - 700 fum. This is because 

thickness beyond 700 fxm would make it difficult to put the in-mold decorating sheet into a rolled 
25 state, and make it impossible to continuously feed and process the in-mold decorating sheet 



-22- 



[0114] As the above description is based on the assumption that three-dimensional 
working is carried out within the movable die of the injection mold, there is a sequence, in the 
manufacturing process, which includes: setting of the in-mold decorating sheet into the injection 
mold and processing the sheet for three-dimensional working; and after molding and integration, 
trimming the in-mold decorating sheet. In this case, because there is no step for inserting the 
trimmed in-mold decorating sheet into the mold, it is not necessarily required for the sheet to have 
rigidity, such that the condition described in characteristric (2) above becomes unnecessary. 
[0115] As a method for lamination of individual sheets for the in-mold decorating sheet, 
a heat lamination method, dry lamination method, and the like are available. 
[01 16] As required, an adhesion layer may preparatorily be formed on one surface of the 
backing sheet to be integrally bonded to the molding resin. Without the adhesion layer, the 
backing sheet layer basically serves as an adhesion layer, but the presence of an adhesion layer 
allows a firmer bonding to the molding resin to be attained. When the adhesion layer is formed, 
polyvinyl chloride - vinyl acetate copolymer resins, acrylic resins, urethane resins, or the like 
may appropriately be used. 

[0117] Next, a method for manufacturing a resin molded article decorated with an in- 
mold decorating sheet is described. 

[0118] First, an in-mold decorating sheet 3 is set by clamp member 7 to a surface of 
movable die 4, which is part of an injection mold. 

[0119] A concrete example of the way the in-mold decorating sheet is set to the 
movable die 4 is as follows. A longer in-mold decorating sheet 3 is wound up on a roll shaft 
so as to be formed into a rolled state, and the resulting roll is placed at an upper portion of 
the movable die 4 so as to be movable integrally with the movable die 4. Then the in-mold 
decorating sheet 3, while being unwound fi:om the roll, is passed between the movable die 
4 in a retracted position and the stationary die 5 so as to be woimd by a roll shaft of a film 
winding device which is set at a lower portion of the movable die 4 so as to be movable 
integrally with the movable die 4. As another example, a leaf-like in-mold decorating sheet 
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3 may be set to the surface of the movable die 4 by a robot or human hand (see Fig. 1). For 
the setting of the in-mold decorating sheet 3 onto the surface of the movable die 4, after the 
in-mold decorating sheet 3 is placed on the surface of the movable die 4, the position of the 
in-mold decorating sheet 3 relative to the surface of the movable die 4 is determined by a 

5 positioning sensor or the like, and the in-mold decorating sheet 3 may be pressed by the 
clamp member 7 to the surface of the movable die 4. 

[0120] Subsequently, the in-mold decorating sheet 3 is set to the surface of the 
movable die 4, and thereafter, with the use of the vacuum suction holes 9 formed in the 
movable die 4, the in-mold decorating sheet 3 is vacuum-sucked along a recessed portion of 
10 the movable die 4 having the cavity-forming surface 6, by which the in-mold decorating 
sheet 3 is worked into a three-dimensional configuration along the recessed portion of the 
movable die 4 (see Fig. 2). A concrete example is a method which includes steps of: heating, 
and thereby softening, the in-mold decorating sheet 3 set to the surface of the movable die 

4 by using a heating plate or the like inserted between the movable die 4 and the stationary 
15 die 5; closing the space between the recessed portion of the movable die 4 and the in-mold 

decorating sheet 3; and performing evacuation and vacuum suction through the vacuum 
suction holes 9 so that the in-mold decorating sheet 3 is put into close contact with the 
recessed portion of the movable die 4. During the process of working the in-mold decorating 
sheet into a three-dimensional configuration, or during the process of pressing and clamping 
20 of the in-mold decorating sheet 3 by the clamp member 7, trimming of the unnecessary 
portions of the in-mold decorating sheet 3 may be performed. 

[0121] Instead of this method, before the in-mold decorating sheet 3 is set to the 
surface of the movable die 4, the in-mold decorating sheet 3 may preparatorily be worked 
into a desired configuration via a mold for three-dimensional worldng and molding other than 
25 the movable die 4 and stationary die 5, and also trimmed into a desired configuration (see 
Fig. 9), and then the three-dimensionally worked in-mold decorating sheet 3 is fitted into the 
recessed portion of the movable die (see Fig. 10). It is noted here that the three-dimensional 
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working refers to transforming the in-mold decorating sheet 3 from a planar state into a 
three-dimensional configuration. An example of a desired configuration is a configuration 
coincident with the cavity-forming surface 6 of the movable die 4 or stationary die 5. As 
possible methods for three-dimensional working the in-mold decorating sheet, there are a 
vacuum molding method, an air-pressure forming a method, a pressing method in which 
heated rubber is pressed against the in-mold decorating sheet, a press molding method, and 
the like. As possible methods for trimming the in-mold decorating sheet into a desired 
configuration, there are a Thomson punching method, a pressing method with dies, and the 
like. Examples of punching configurations are a line extending along the perimeter of a 
specified configuration, a hole of a specified configuration, and the like. In addition, the 
trimming process may be performed concurrently with the process of working the in-mold 
decorating sheet into a three-dimensional configuration. 

[0122] Next, Avith the movable die 4 clamped to the stationary die 5, the molding resin 
10 in a molten state is injected from the gate portion 8 of the stationary die into cavity 1 1 
(see Figs. 3 and 1 1), and the molding resin 10 is solidified so that a resin molded article 12 
is molded within the cavity 1 1 while the in-mold decorating sheet 3 is concurrently bonded 
integrally to a surface of the resin molded article 12. 

[0123] Thereafter, the resin molded article 12 is removed from the movable die 4, and 
then unnecessary portions of the in-mold decorating sheet 3 bonded to the resin molded 
article 12 are removed (see Fig. 4). In the case where the in-mold decorating sheet 3 has 
preparatorily been trimmed into a desired configuration as described above, the step of 
removing the unnecessary portions of the in-mold decorating sheet 3 is unnecessary. 
[0124] The movable die 4 and the stationary die 5, as the injection mold, are not 
particularly limited to the above embodiment. It is appropriate to use a mold which is made 
up of a movable die 4 and a stationary die 5 having a gate portion 8 for injecting the molding 
resin 10, where when the stationary die 5 and the movable die 4 are closed, a singularity or 
plurality of cavities 11 surroimded by the cavity-forming surfaces 6 of the stationary die 5 
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«; 

and the movable die 4 are formed. The in-mold decorating sheet 3 set within the cavities 1 1 
formed by the movable die 4 and the stationary die 5 covers the cavity-forming surfaces 6. 
The recessed portion having a cavity-forming surface 6 may be formed in either the 
stationary die 5 or the movable die 4. A clamp member 7 for pressing and fixing the in-mold 
decorating sheet 3 around the recessed portion of the movable die 4 or the stationary die 5 
may be provided. 
(Second Embodiment) 

[0125] Next, a second embodiment of the present invention is described. This second 
embodiment is intended to solve a second issue, i.e., prevention of damage. 
[0126] As the second issue, there has been an issue that an outermost surface of the 
in-mold decorating sheet in the in-mold decorated article, i.e., a substrate sheet surface, may 
be easily damaged. It has been found that, for example, with polybutadiene resin or the like 
used as the material of the substrate sheet of the in-mold decorating sheet, although an in- 
mold decorated article is obtained during a manufacturing process, there is a high possibility 
that this article, when used as a component for assembly and working, would result in a 
defective product in terms of the substrate sheet surface due to claw marks caused by an 
assembling worker. 

[0127] With respect to the second issue, the present inventor discussed what level of 
surface hardness is required in order to prevent high rates of defective products due to an 
assembling worker's claw traces being impressed on the substrate sheet surface. 
[0128] As a result, it was determined that the in-mold decorating sheet should have 
a pencil hardness value of 3B - 2H as measured from a surface of the in-mold decorating 
sheet opposite to its surface to be bonded to the molding resin. That is, substrate sheets 
whose surface hardness does not reach a pencil hardness values of 3B, more specifically, in- 
mold decorating sheets made of polybutadiene film, were unusable. 
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[0129] Conversely, substrate sheets whose surface hardness is beyond a pencil 
hardness value of 2H, more specifically, in-mold decorating sheets made of UV-curing type 
urethane film, were evaluated. As a result, these in-mold decorating sheets, although 
processible for three-dimensional working and in-mold processing, were unusable, in terms 
5 of design, due to occurrence of numerous microcracks on the surface. 

[0130] However, in the case where after the three-dimensional working and the in- 
mold processing are performed, substrate sheets are coated with a high-hardness UV-curing 
type urethane resin, there occurs no problem. In this case, substrate sheets are evaluated 
before their surfaces are coated. 

10 [0131] A surface hardness measuring method is a method for determining surface 
hardness fi^om presence or absence of a scratch by scratching a surface of a test specimen 27, 
which has been cut to a 150 mm X 70 mm size, with a pencil of a coating-dedicated pencil 
scratching tester (see Figs. 15, 50, 51) complying with JIS K 5401-1969, where a pencil 
hardness value is a pencil hardness obtained when the times the surface is scratched is less 

15 than two times out of five times of performing tests. Scratching is performed by pressing a 
pencil 18 against the test specimen 27 via a weight 20 at 45 ± 1 degrees, and in this state, 
moving test specimen mount 19. In Figs. 50 and 5 1, reference numeral 19a denotes studs for 
fitting the test specimen 27 to the test specimen mount 19, and 19b denotes a test specimen 
stopper bar. 

20 [0132] As a result, in-ifiold decorating sheets showing pencil hardness values of 3B 
or higher were ahnost never damaged even by himian's assembling work using claws. 
[0133] As a result of the test, it was foimd that in-mold decorating sheets having the 
above characteristic can be obtained by selecting, as the substrate sheet, undrawn or lightly- 
draAvn polyethylene terephthalate film, noncrystalline or low-crystalline polyester copolymer 

25 fihn, acrylic fihn, polycarbonate fihn, polypropylene film, polybutylene terephthalate film, 
polystyrene film, polyurethane film, acrylonitrile butadiene-styrene copolymer film, nylon 
film, polyvinyl chloride film, fluoric film, cellulose acetate film, or the like. 



-27- 



[0134] Among others, acrylic film proved to be exceedingly superior in transparency 
and weatherability in addition to the above characteristic, and hence provided to be a film 
having high added value as a substrate sheet in terms of clarity improvement of pattem 
design as well as a protective function of a pattem layer. 
5 [0135] Further, for fihns that can be controlled in the degree of ciystallinity, such as 
polyethylene terephthalate film and polypropylene film, it is advisable to adjust the degree 
of crystallinity so that the hardness becomes 3B or higher. 

[0136] However, even if the hardness falls within the above range, market complaints 
may occur in cases where the in-mold decorated article according to the second embodiment 
10 of the present invention is mounted in applications involving repeated hand contact by 
consumers. 

[0137] As a countermeasure therefor, preferably, materials having a pencil hardness 
value of B - 2H are selected for interior automotive trims, and materials having a pencil 
hardness value of HB - 2H are selected for electrical appliances. 
15 (Third Embodiment) 

[0138] Next, a third embodiment of the present invention is described. This third 
embodiment is intended to solve a third issue, i.e., prevention of visibility of trimmed cross- 
section lines. 

[0139] As the third issue, it can occur that cut end faces due to trimming of the in- 
20 mold decorating sheet to be integrated with the molding resin are not buried in the molding 
resin but exposed, resulting in an in-mold decorating sheet poor in design. That is, there has 
been an issue that if a cut end face of the in-mold decorating sheet is exposed on a surface 
of the in-mold decorated article, boundary lines between the in-mold decorating sheet and 
its peripheral molding resin surface become noticeable, resulting in an in-mold decorating 
25 sheet which is so poor in design as to make it apparent that the in-mold decorating sheet is 
in-mold-decorated. 
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[0140] With respect to this third issue, the in-mold decorating sheet according to the 
third embodiment of the present invention is so constituted that a thickness of the in-mold 
decorating sheet excluding a thickness of the backing sheet is not more than 200 //m, and that 
color of the backing sheet is dark and falls within the following ranges in the 
CIE1976(L*a*b*) color system: 
9 ^ L* ^75 

-40 ^ a* ^ 40 

-60 ^ b* ^ 30 

More specifically, in the third embodiment, as shown in Figs. 28 and 29, the thickness of in- 
mold decorating sheet 61 excluding the thickness of a backing sheet 66 is not more than 200 
/zm, and the color of the backing sheet 66 is a dark color falling within the following ranges 
in the CIE1976L*a*b* color system: 
9 ^ L* ^ 75 

-40 :£ a* ^ 40 

-60 ^ b* ^ 30 

[0141] The reason why the color of the backing sheet 66 is limited like this is as 
follows. 

[0142] During a trimming process using a die press having a sharp blade 70, the in- 
mold decorating sheet 61 is not cut fully perpendicularly to a surface thereof, and a cut end 
face 67 of the in-mold decorating sheet 61 is angled relative to fi-ont-and-rear surfaces of the 
in-mold decorating sheet 6 1 (see Fig. 32). Also in the case where a trimming process by laser 
cutting is performed, if the in-mold decorating sheet 6 1 has been three-dimensionally worked 
into a drawing configuration by preforming a process before the trimming, then a laser beam 
71 is irradiated in a constant direction so that the cut end face 67 is angled relative to fi-ont- 
and-rear surfaces of the in-mold decorating sheet 6 1 (see Fig. 33). In the case where molding 
resin is injected into a mold 72 with that a space formed between an inner wall of the mold 
72, along which the in-mold decorating sheet 61 is set, and the cut end face 67 of the in-mold 
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decorating sheet 61 angled relative to this inner wall (see Fig. 35), it may occur that the cut 
end face 67 of the in-mold decorating sheet 61 is pressed against the inner wall of the mold 
72 by pressure 73 of the molding resin (see Fig. 36), or that molding resin 69 does not enter 
into the space (see Fig. 37). 
5 [0143] Generally, the molding resin 69 to be used for interior automotive trims, in 
many cases, is black or other similar colors. As a result, most of light is absorbed at a surface 
where the molding resin 69 is exposed, resulting in less reflection. In contrast to this, the in- 
mold decorating sheet 61 has the cut end face 67 formed rough by a cutting process, causing 
the light to be scattered, with the result that the in-mold decorating sheet 61 is poor in visual 

10 transparency as its rear is viewed from the cut end face 67. Also, a cut end face 67 of a 
second pattern layer 68, which is similar in color to the cut end face 67 of a pattem layer 63 
or the ground of the pattem layer 63, is brighter than the molding resin. As a result, in 
comparison with the surface where the molding resin is exposed, reflected light (or color) 
of the enitre cut end face of the in-mold decorating sheet 61 alone is conspicuous. 

15 [0144] Therefore, in order that the reflected light (or color) of the entire cut end face 
67 of the in-mold decorating sheet 61 becomes inconspicuous, the backing sheet layer 66 of 
the in-mold decorating sheet 61 is provided in black or some other similar color, and 
moreover, layers other than the backing sheet 66 (i.e., layers including a transparent resin 
fihn 62 serving as a substrate fihn, and pattem layer 63 having a grain duct layer 64 and a 

20 ground layer 65 in Fig. 28; layers including a transparent resin fihn 62 serving as a substrate 
film, pattem layer 63 having a grain conductor layer 64 and a ground layer 65, and a second 
pattem layer 68 in Fig. 29) are formed so as to have a thickness of less than 200 //ra, by 
which reflection at the entire cut end face 67 of the in-mold decorating sheet 61 is reduced. 
[0145] With the use of the in-mold decorating sheet 6 1 having the above constitution, 

25 an insert-molded decorated article can be obtained by the following method. 



-30- 



[0146] First, an in-mold decorating sheet 61 is fixed to a preforming die, having a 
recessed portion for deep drawing, by virtue of a clamp or the like, and then the in-mold 
decorating sheet 6 1 is heated and softened by a heat source and further put into close contact 
with the surface of the preforming die by vacuum suction effected from the preforming die 
5 side. Next, with the vacuum suction released, the in-mold decorating sheet 61 is removed 
from the preforming die. Next, unnecessary portions of the in-mold decorating sheet are 
trimmed, by which a desired three-dimensionally worked in-mold decorating sheet 61 is 
obtained. Next, the three-dimensionally worked in-mold decorating sheet 61 is inserted into 
a cavity die having a recessed portion for deep drawing and fixed in the cavity die. Next, the 

10 cavity die and a core die of injection mold 72 are clamped together, thereby forming a closed 
space between the in-mold decorating sheet 61 and the core die. Molten molding resin 69 
is injected into this space (see Figs. 30 and 3 1), and after allowing the resin to be cooled, the 
cavity die and the core die are opened, by which a decorated insert-molded article in which 
the in-mold decorating sheet 61 and the molding resin 69 have been integrated together can 

15 be obtained. This decorated insert-molded article has a blackish end face of a reinforcement 
sheet, i.e. the backing sheet 66, after the trimming of the in-mold decorating sheet 61, and the 
total thickness of the other laminations is not more than 200 fxm. Thus, lines of the cut end 
face 67 of the in-mold decorating sheet 61, even if exposed, are inconspicuous, and the 
decorated insert-molded article is preferable in terms of design. 

20 [0147] In-mold decorating sheets, in which the color of the backing sheet 66 is out of 
the aforementioned range and in which the thickness of the layers other than the backing 
sheet 66 is not less than 200 /zm, were tested with the thickness and color of the backing 
sheet 66 changed in various ways. Test results show that reflected light (or color) of the 
entire cut end face of the in-mold decorating sheet is conspicuous as shown in the foUovsdng 

25 
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[0149] (2) Material of the backing sheet 66 should be one which, when formed into 
the in-mold decorating sheet 61, satisfies conditions that the in-mold decorating sheet 61 has 
the characteristics (1) - (3) above, that a pencil hardness value as measured from one surface 
of the in-mold decorating sheet 61 opposite to the surface to be bonded to the molding resin 
5 is 3B - 2H, and that the substrate sheet 62 is selected from among undrawn or lightly-drawn 
polyethylene terephthalate film, noncrystalline or low-crystalline polyester copolymer film, 
acrylic film, polycarbonate film, polypropylene fihn, polybutylene terephthalate film, 
polystyrene film, polyurethane film, acrylonitrile butadiene-styrene copolymer film, nylon 
film, polyvinyl chloride film, fluoric fihn, or cellulose acetate film. 

10 [0150] Material for the backing sheet 66 is exemplified by undraAvn or lightly-drawn 
polyethylene terephthalate film, noncrystalline or low-crystalline polyester copolymer film, 
polypropylene film, polyethylene film, polystyrene fihn, fluoric fihn, polybutylene 
terephthalate film, methacryl-styrene copolymer film, acrylonitrile butadiene-styrene 
copolymer film, polycarbonate film, polyurethane film, nylon film, polyvinyl chloride film, 

15 nitrocellulose film, or the like. 

[0151] However, in the case where the substrate sheet 62 is made of an easily 
vaporizable, foamable material, there may arise an issue that the in-mold decorating sheet 61 
has an orange-peel surface even if the backing sheet 66 is made of one of the above 
materials. This issue and the manner by which it is resolved are described below. 

20 (Fourth Embodiment) 

[0152] Next, a fourth embodiment of the present invention is described. This fourth 
embodiment is intended to solve a fourth issue, i.e., prevention of occurrence of an orange- 
peel state. 

[0153] As the fourth issue, there has been a tendency that during a process of forming 
25 a desired configuration by vacuum molding, moisture content in sheet material vaporizes and 
foams due to heat during the vacuum molding so that a surface of an in-mold decorating 
sheet exhibits an orange peel state, resulting in impaired design and hence a defective article. 
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[0154] In such a case, vaporizable/foamable components contained in backing sheet 
material are often the cause of acceleration toward generation of an orange-peel surface. 
Therefore, it is preferable to select a material having a lower content of such components 
(anti-vaporization/foaming material). 
5 [01 55] That is, with respect to the fourth issue, the in-mold decorating sheet according 
to the fourth embodiment of the present invention is so constituted that the backing sheet is 
made of a material which prevents vaporization and foaming. More specifically, as shown 
in Figs. 40 and 41, backing sheet 104 is made of a material which prevents vaporization and 
foaming. It is noted that reference numeral 101 denotes a substrate sheet, 102 denotes a 
10 pattem layer, and 103 denotes an ABS fihn for reinforcing adhesion to a molding resin. 

[0156] More specifically, because the vaporizable/foamable component is often 
moisture, the backing sheet 104 is preferably made of a material having as low a coefficient 
of water absorption as possible (specifically, at least 0.5% or lower, preferably 0.2% or 
lower). 

15 [0157] Such a material is exemplified by imdrawn or lightly-drawn polyethylene 
terephthalate fihn, noncrystalline or low-crystalline polyester copolymer film, polypropylene 
film whose coefficient of water absorption is 0.03% or lower, polyethylene film whose 
coefficient of water absorption is 0.01% or lower, polystyrene film whose coefficient of 
water absorption is 0.07% or lower, fluoric fihn whose coefficient of water absorption is 

20 0.03% or lower, polybutylene terephthalate fihn whose coefficient of water absorption is 
0.8% or lower, methacryl-styrene copolymer fihn whose coefficient of water absorption is 
1.5% or lower, fire retardant acrylonitrile butadiene-styrene copolymer film whose 
coefficient of water absorption is 0.9% or lower, polycarbonate film whose coefficient of 
water absorption is 0.5% or lower, polyurethane fihn whose coefficient of water absorption 

25 is 1% or lower, polyvinyl chloride fihn whose coefficient of water absorption is 0. 1% or 
lower, or the like. 
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(Fifth Embodiment) 

[0158] Next, a fifth embodiment of the present invention is described. This fifth 

embodiment is intended to solve a fifth issue, i.e., prevention of warpage. 

[0159] As the fifth issue, there has been an issue that if material of a substrate sheet 

5 and material of a backing sheet largely differ from each other in terms of a shrinkage factor 
(for example, concretely, in the case where the substrate sheet is an acrylic film (with a 
shrinkage factor of around 5/1000) and the backing sheet is an ordinary polypropylene film 
(with a shrinkage factor of around 15/1000)), then there occurs warpage of the in-mold 
decorating sheet after a three-dimensional working process due to the difference between the 

10 shrinkage factors, thereby making it difficult to fiilfiU trimming and injection molding 
decoration processes. 

[0160] With respect to this fifth issue, the in-mold decorating sheet of the fifth 
embodiment of the present invention is so constituted that the difference in shrinkage factors 
between the substrate film and the backing sheet is 0/1000 - 8/1000, or that the backing sheet 
15 is a lamination of a plurality of sheets while the difference in shrinkage factors between the 
substrate sheet and the sheet of the backing sheet that is farthest from the substrate sheet is 
0/1000 - 8/1000. 

[0161] That is, the in-mold decorating sheet is so constituted that either the substrate 
sheet or the backing sheet of the in-mold decorating sheet is modified so that the difference 

20 in shrinkage factors between the substrate sheet and the backing sheet is 0/1000 - 8/1000. 
[0162] In most cases, it is easier to accomplish this difference between the shrinkage 
factors by applying an additive material to the sheet having the larger shrinkage factor. As 
a concrete example, as shown in Fig. 38, in the case of an in-mold decorating sheet in which 
the substrate sheet is an acrylic film 81 and the backing sheet is a polypropylene film 83, it 

25 is reconmiendable to modify the polypropylene film, which has the larger molding shrinkage 
factor. It is noted that reference numeral 82 denotes a pattem layer. 
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[0163] That is, as shown in Fig. 38, olefin rubber 84 and a filler material 85 are 
contained in the polypropylene film 83 so that molding shrinkage is suppressed. As a 
mechanism therefor, it could be considered that the rubber 84 and the filler material 85, when 
contained, cause polymer chains of the polypropylene resin deprived of degree of fi'eedom, 
thereby lessening space that allows shrinkage in the polypropylene resin. 
[0164] More specifically, the olefin rubber is exemplified by EPM (ethylene 
propylene rubber), EPDM (ethylene-propylene-diene terpolymer), TPE (thermoplastic 
elastomer), and EVA (ethylene-vinyl acetate). The filler material is exemplified by talc and 
calcium carbonate as well as by titanium oxide, aluminum hydroxide, fenite, carbon fiber, 
glass fiber, silica, mica, carbon black, clay, alumina, wood meal, felt, or the like. 
[0165] During a process of cooling a heated sheet, the larger the content of olefin 
rubber and filler material, the larger the effect of suppressing gradual shrinkage of the 
polypropylene film. On the other hand, as the content of the olefm rubber increases, the 
polypropylene film becomes softer and softer so that the in-mold decorating sheet lowers in 
rigidity. Further, as the content of the filler material increases, the filler material becomes 
more and more likely to separate fi^om the polypropylene film surface during a vacuum 
molding process, making the polypropylene film surface into a recessed-and-projected 
pattem. This recessed-and-projected pattem affects the acrylic film, causing the in-mold 
decorating sheet to be degraded in design. 

[0166] As a result of a detailed test, it is determined that the contents of the olefin 
rubber and the filler material are conditioned by the following proper ranges. 
[0167] In the case where EPM or EPDM was used as the olefin rubber, the proper 
range for the content of the olefin rubber was detemiined to be 20 - 150 parts by weight on 
the basis of 100 parts by weight of propylene resin. Also, in the case where talc was used 
as the filler material, the proper range for the content of the filler material was determined 
to be 5 - 20 parts by weight on the basis of 100 parts by weight of propylene resin. Further, 
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the best proper range for both was found to be 50 - 100 parts by weight of EPM or EPDM 
and 10 - 15 parts by weight of talc on the basis of 100 parts by weight of propylene resin. 
[0168] In addition, as another embodiment, in the event that some failure occurs due 
to excessive addition of the olefin rubber or the filler material, as shown in Fig. 39, the 
polypropylene fihn 83 is formed fi^om a lamination of a plurality of polypropylene fibn 
layers 91, 92, wherein 

(1) as one method, the olefin rubber and the filler material are contained only in the 
polypropylene film layer that is farther fi:*om the acrylic film, and as another method, (2) 
while the polypropylene fihn layer that is the closer to the acrylic film has a smaller content 
of the olefin rubber and the filler material, the other polypropylene film layer that is farther 
from the acrylic film has a larger content of the olefin rubber and the filler material. 
[0169] The reason for this is that because the polypropylene film layer closer to the 
acrylic film has a smaller content of the olefin rubber, rigidity of a decorating film as a whole 
is maintained, and yet because the content of the filler material is also small, the filler 
material is less likely to separate from the polypropylene film surface because of heat during 
a preforming process, where the filler material, even if separated, would be intercepted by 
the polypropylene film layer that is closer to the acrylic film and would not reach the acrylic 
fihn. 

[0170] In this case, preferably, the polypropylene film layer closer to the acrylic film 
is made larger in film thickness, while the polypropylene film layer farther from the acrylic 
film (i.e., the polypropylene fihn layer forming an outermost layer) is made smaller in film 
thickness. In addition, the polypropylene film layer closer to the acrylic film also includes 
a polypropylene fihn layer that is in direct contact with the acrylic film. As to the reason for 
this, generally, there is a tendency that the larger the film thickness, the smaller the 
shrinkage. Therefore, by the polypropylene film layer closer to the acrylic fibn being larger 
being film thickness, any shrinkage of the polypropylene film layer farther from the acrylic 
film can have less effect on the acrylic fihn. 
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[0171] The film thickness of the polypropylene film layer farther from the acrylic film 
(i.e., the polypropylene film layer forming the outermost layer) is, preferably, within a range 
from a film thickness similar to that of the acrylic fihn to twdce this thickness. 
[01 72] As to the reason for this, generally, the polypropylene film layer, even if olefin 
5 rubber and filler material are contained therein, does not exhibit so small a shrinkage factor 
as does the acrylic film. Therefore, unless the polypropylene film layer is larger in film 
thickness than the acrylic film, the in-mold decorating sheet as a whole would be warped 
toward the polypropylene film layer side. With the polypropylene film layer being at least 
twice as thick as the acrylic film, there is no substantial difference between their shrinkage 
10 factors. 

[01 73] As to the content of the filler material to be contained in the polypropylene film 
layer farther fi"om the acrylic film (i.e., the polypropylene fihn layer forming the outermost 
layer), its proper amount is 10 - 30 parts by weight on the basis of 100 parts by weight of 
propylene resin. As to the reason for this, if 30 or more parts by weight of the filler material 

15 is contained, the polypropylene film layer would become not only harder to mold into a 
three-dimensional configuration during a preforming process, but also more difficult to put 
into close contact with the molding resin (or adhesion layer). Meanwhile, with 10 or less 
parts by weight of the filler material, a shrinkage suppression effect would be insufficient so 
that the entire in-mold decorated article would be warped toward the polypropylene film 

20 layer side. 

(Sixth Embodiment) 

[0174] Next, a sixth embodiment of the present invention is described. This sixth 
embodiment is intended to solve a sixth issue, i.e., an improvement in registering accuracy 
of apattem. 

25 [0175] As the sixth issue, there has been an issue that since any of the sheet layers of 
a three-dimensionally workable in-mold decorating sheet tends to be deformed by a printing 
machine's tensile force or drying heat to be applied during formation of a pattem layer, the 
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in-mold decorating sheet is applicable only to patterns having less strict registering accuracy 
such as grain patterns. If these sheet layers are made from a too highly heat-resistant 
material, the sheets become lower in elongation property so that the sheets can no longer be 
worked into a three-dimensional configuration. Because of this issue, it is inevitably required 
5 to select a material which is relatively low in heat resistance. However, in the case where a 
material of low heat resistance is selected, registering errors are more likely to occur during 
printing and drying process, disadvantageous^. 

[0176] With respect to this sixth issue, the in-mold decorating sheet of the sixth 
embodiment of the present invention is so constituted that, as shown in Figs. 17 to 20, for 

10 the formation of pattem layer 32, a carrier sheet 34, whose dimensional change rate under 
an ambient temperature of 90°C is within 0.6%, is laminated onto substrate sheet 3 1, and 
pattem layer 32 is formed on a surface of the substrate sheet 31 or the backing sheet 33 
opposite to the carrier sheet 34; or that for the formation of the pattem layer 32, the pattem 
layer 32 is formed on a carrier sheet 34 whose dimensional change rate under an ambient 

15 temperature of 90°C is within 0.6%, and thereafter, the substrate sheet 3 1 is laminated onto 
the pattem layer side and further the carrier sheet 34 is separated and removed from the 
pattem layer 32, by which the pattem layer 32 is formed on the surface of the substrate sheet 
3 1 or the backing sheet 33. 

[0177] The pattem layer 32, which is purposed to express characters, graphics, 
20 symbols, and the like on a surface of the in-mold decorated article, or to express a colored 
surface, is formed between the substrate sheet 31 and the backing sheet 33. 
[0178] The pattem may be all-over solid in silver metallic color or the like, or may be 
one having a wood grain pattem or a stone grain pattem or the like in a single color or 
multiple colors. Further, the pattem may be a lamination of a transparent yellow all-over 
25 solid or pattem layer and, a silver metallic all-over solid or pattem layer to represent a gold 
all-over solid or pattem layer. 
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[0179] However, in the case of black-, metallic-color based all-over solid decoration 
or the like, since the decoration can be achieved by toning the color of the backing sheet, the 
pattern layer may be omitted. 

[0180] The pattem layer 32 comprises at least one layer selected from a group 
5 consisting of a pigment ink layer composed of pigment and resin binder, a bright pigment 
layer composed of pearl pigment and resin binder, and a dye ink layer composed of dye and 
resin binder. The pattem layer 32 is formed by employing general-pmpose printing devices 
(gravure, offset, screen) or by roll coating, reverse coating, lip coating, or the like. 
[0181] Also, the pattem layer 32 may be a metallic thin film layer or a combination 

10 of a metallic thin film layer and a print layer. The metallic thin film layer is fomied by a 
vacuum deposition process, sputtering process, ion plating process, plating process, or the 
like. Metals such as aluminum, nickel, gold, platinum, chromium, iron, copper, tin, indium, 
silver, titanium, lead, or zinc, or their alloys or compounds, are used depending on the 
metallic luster color to be expressed. 

15 [0182] However, with pattems to which high registering accuracy is required as in the 
sixth issue described before, there is an issue that registering errors are more likely to occur 
during the printing and drying process. 

[0183] In such a case, for the formation of the pattem layer 32, a carrier sheet 34, 
whose dimensional change rate under an ambient temperature of 90°C is within 0.6%, is 

20 laminated onto the substrate sheet 3 1, and the pattem layer 32 is formed on a surface of the 
substrate sheet 31 or the backing sheet 33 opposite to the carrier sheet 34; or for the 
formation of the pattem layer 32, the pattem layer 32 is formed on a carrier sheet 34 whose 
dimensional change rate under an ambient temperature of 90°C is within 0.6%, and 
thereafter, the substrate sheet is laminated onto the pattem layer side and fiirther the carrier 

25 sheet 34 is separated and removed, by which the pattem layer 32 is formed on the surface 
of the substrate sheet 3 1 or the backing sheet 33. That is, it is appropriate that (1) the carrier 
sheet 34 having a high dimensional stability with regard to heat is laminated onto the 
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substrate sheet 3 1, and then the pattern layer 32 is printed and formed (see Fig. 42); or that 
(2) the pattern layer 32 is printed and formed on the carrier sheet 34, and then the pattem 
layer 32 is transferred to the substrate sheet 31. 

[0184] In more detail, a composite film formed fi-om a lamination of the carrier sheet 
5 34 and the substrate sheet 3 1 is used as an original fabric, the pattem layer 32 is formed on 
a surface of the substrate sheet 3 1 on one side opposite to the carrier sheet 34, and thereafter 
the carrier sheet 34 is separated and removed from the substrate sheet 31. After this, the 
backing sheet 33 is laminated. 

[0185] Otherwise, the pattem layer 32 is formed on a surface of the substrate sheet 3 1 
10 on one side opposite to the carrier sheet 34, and thereafter the backing sheet 33 is laminated 
onto the pattem layer side of the substrate sheet 31. Therefore, the carrier sheet 34 is 
separated and removed from the substrate sheet 3 1. 

[0186] Altematively, the following operations may be performed. As shown in Fig. 
18, with another carrier sheet 34 used as an original fabric, the pattem layer 32 is formed on 

15 a surface of the carrier sheet 34, thereafter the substrate sheet 3 1 is stacked and laminated 
onto the pattem layer side, and thereafter, as shown in Fig. 19, the carrier sheet 34 is 
separated and removed from the pattem layer 32, by which the pattem layer 32 is transferred 
to the substrate sheet 31. After this, as shown in Fig. 20, the backing sheet 33 is laminated 
onto the pattem layer side of the substrate sheet 31, by which an in-mold decorating sheet 

20 45, in which the pattem layer 32 is placed between the substrate sheet 3 1 and the backing 
sheet 33, is formed (see Fig. 17). 

[0187] Further, the following operations may also be performed. With another carrier 
sheet 34 used as an original fabric, the pattem layer 32 is formed on a surface of the carrier 
sheet 34, the backing sheet 33 is stacked and laminated onto the pattem layer side, and 
25 thereafter the carrier sheet 34 is separated and removed from the pattem layer 32, by which 
the pattem layer 32 is transferred to the backing sheet 33. After this, the substrate sheet 3 1 
is laminated onto the pattem layer side of the backing sheet 33. 
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[01 88] Further, the following operations may also be performed. As shown in Fig. 42, 
with another carrier sheet 34 used as an original fabric, the substrate sheet 3 1 is laminated 
onto a surface of the carrier sheet 34, the pattem layer 32 is formed on one side of the 
substrate sheet 31 opposite to the carrier sheet 34, and further as shown in Fig. 43, the 
backing sheet 33 is laminated onto the pattem layer 32. Thereafter, the carrier sheet 34 is 
separated and removed from the substrate sheet 31, by which an in-mold decorating sheet 
45, in which the pattem layer 32 is placed between the substrate sheet 3 1 and the backing 
sheet 33, is formed. 

[0189] As the carrier sheet 34, one whose dimensional change rate under an ambient 
temperature of 90°C is within 0.6%, and which is high in tensile strength and superior in 
surface smoothness, is used. 

[0190] As a carrier sheet 34 whose dimensional change rate under an ambient 
temperature of 90°C is within 0.6%, since the sheet is to be separated and removed during 
a manufacturing process of the in-mold decorating sheet, it is preferable to use inexpensive 
biaxially oriented polyester films or biaxially oriented polypropylene films. 
[0191] As to setting of the ambient temperature to 90°C, an atmospheric temperature 
inside a drying unit installed in a normal multicolor printing machine is 60 - 90°C, and the 
highest value, 90*'C, is herein adopted. The higher the temperature at which a drying process 
is performed, the more residual organic solvent contained in the ink of the pattem layer 32 
can be scattered so that the in-mold decorating sheet 45 can be prevented from deteriorating 
due to residual organic solvent. 

[0192] Also, the dimensional change rate herein refers to a rate (0,5/80, i.e. 0.6% as 
an example of the sixth embodiment of the present invention) of a dimensional change 
(within 0.5 nun as an example of the sixth embodiment of the present invention) due to 
elongation or shrinkage resulting when a sheet having a specified length dimension (80 mm 
as an example of the sixth embodiment of the present invention) at normal temperature 
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(20°C) is left under an ambient temperature (90°C as an example of the sixth embodiment 
of the present invention). 

[0193] As to the setting of the dimensional change rate to within 0.6%, when in-mold 
decorated sheet articles were actually manufactured, the sizes of the manufactured in-mold 
5 decorating sheets were approximately 80 mm X 250 mm for an air-conditioner heater panel, 
160 mm X 450 mm for a speed meter/fuel display panel, and 250 mm X 800 mm for a front 
grille. Therefore, with respect to the shortest dimension, 80 mm, out of these in-mold 
decorating sheets, there is a need for a printing registering accuracy of ±0.5 mm in order to 
ensure that ordinary people do not have a bad feeling with regard to printing registering 
^ 10 differences, hence a value of 0.5/80, i.e., within 0.6%. 

[0194] A thickness of the carrier sheet 34 is, preferably, within a range of 5 - 300 //m. 
With a thickness under 5 /^m, the carrier sheet 34 could easily be cut by a tensile force of the 
printing machine; and with a thickness beyond 300 //m, the carrier sheet 34 would be 
difficult to set up in a rotaiy printing press, thereby causing productivity to lower. 

15 Particularly, a carrier sheet 34 having a thickness of 15 - 50 offers better workability with 
regard to laminating onto or separating from the substrate sheet 31, and thus is more 
preferable. Similarly, as compared with a case where pattem layer 32 is formed by printing 
directly onto substrate sheet 3 1 of the order of several hundreds fxm, use of a carrier sheet 
34 that is smaller in thickness than the substrate sheet enables printing and production by a 

20 multicolor rotary press, which leads to an improvement in mass productivity. 

[0195] In order to facilitate separation of carrier sheet 34 from substrate sheet 3 1, or 
transfer of pattem layer 32 from carrier sheet 34 to substrate sheet 3 1 or a backing sheet, it 
is also advisable to execute a mold release treatment on a surface of the carrier sheet 34 so 
as to facilitate the separation. 

25 [0196] However, with excessive separability, the carrier sheet 34 might be separated 
from the substrate sheet before formation of the pattem layer 32, or the pattem layer 32 
might not be held on the carrier sheet 34 until the pattem layer 32 is transferred. Therefore, 
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the carrier sheet 34 is controlled so as to have an appropriate peeling strength of about 5 - 
100 gf7cm. 

[0197] More specifically, it is recommendable to adopt a heat lamination process, in 
which with a mold release layer formed on carrier sheet 34, the carrier sheet 34 and substrate 
5 sheet 3 1, after being laminated together, are bonded to each other by applying a pressure 
thereto while being heated on one side or both sides. 

[0198] Next, a method for manufacturing an in-mold decorated article by using in- 

mold decorating sheet 45 having the above-described constitution is described, 

[0199] First, the in-mold decorating sheet 45 is set to a surface of movable die 35, 

10 which is part of an injection mold, by virtue of clamp member 38 (see Fig. 21). 

[0200] A concrete example of a manner of setting the in-mold decorating sheet 45 to the 
movable die 35 is as follows. A longer in-mold decorating sheet 45 is wound up on a roll shaft 
so as to be formed into a rolled state, and the resulting roll is placed at an upper portion of the 
movable die 35 so as to be movable integrally with the movable die 35. Then, the in-mold 

15 decorating sheet 45, while being wound out from the roll, is passed between the movable die 35, 
while retracted, and stationary die 36 so as to be wound up by a roll shaft of a film winding 
device which is set at a lower portion of the movable die 35 so as to be movable integrally with 
the movable die 35. Another example may be that a leaf-like in-mold decorating sheet 45 is set 
to a surface of the movable die 35 by a robot or human hand. For the setting of the in-mold 

20 decorating sheet 45 to the surface of the movable die 35, after the in-mold decorating sheet 45 
is placed on the surface of the movable die 35, a position of the in-mold decorating sheet 45 
relative to the surface of the movable die 35 is determined by a positioning sensor or the like, and 
the in-mold decorating sheet 45 may be pressed by clamp member 38 to the surface of the 
movable die 35. 

25 [0201] Subsequently, the in-mold decorating sheet 45 is set to the surface of the movable 
die 35, and thereafter with use of vacuum suction holes 42 formed in the movable die 35, the in- 
mold decorating sheet 45 is vacuimi-sucked along cavity-forming surface 37 of ttie movable die 
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35, by which the in-mold decorating sheet 45 is worked into a three-dimensional configuration 
along a recessed portion of the movable die 35, i.e., the cavity-forming surface 37 of cavity 43 
(see Fig. 22). A concrete example is a method which includes steps of: heating the in-mold 
decorating sheet 45 to at least its softening point while the in-mold decorating sheet 45 set to the 
surface of the movable die 35, by utilizing a heating plate or the like inserted between the 
movable die 35 and tiie stationary die 36, and thereby softening the in-mold decorating sheet 45; 
closing the space between the recessed portion of the movable die 35 and the in-mold decorating 
sheet 45; and performing evacuation and vacuum suction through the vacuum suction holes 42 
so that the in-mold decorating sheet 45 is put into close contact witii the recessed-portion inner 
surface (cavity-forming surface 37) of the movable die 35. Ehiring a process of working the in- 
mold decorating sheet 45 into a three-dimensional configuration, or during a process of pressing 
and clamping the in-mold decorating sheet 45 by the clamp member 38, trimming of unnecessary 
portions of the in-mold decorating sheet 45 may be performed. 

[0202] Instead of this method, before the in-mold decorating sheet 45 is set to the surface 
of the movable die 35, the in-mold decorating sheet 45 may preparatorily be worked into a 
desired configuration with a mold for three-dimensional working and molding, other than tiie 
movable die 35 and stationary die 36, and also trinmied into a desired configuration, and ttien the 
three-dimensionally worked in-mold decorating sheet 45 is fitted into the recessed portion of the 
movable die 35. As methods for three-dimensional working the in-mold decorating sheet 45, 
there are a vacuum molding method, an air-pressure forming method, a pressing method in which 
heated rubber is pressed against the in-mold decorating sheet, a press molding method, and the 
like. In addition, the trirrmiing process may be performed concurrently with the process of 
working the in-mold decorating sheet into a three-dimensional configuration. 
[0203] Next, with the movable die 35 clamped to the stationary die 36, molding resin 40 
in a molten state is injected from the gate portion 39 of the stationary die 36 into cavity 43, and 
the molding resin 40 is solidified so that a resin molded article 41 is formed within the cavity 43 
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whUe the in-mold decorating sheet 45 is concurrently bonded integrally to a surface of die resin 
molded article 41 (see Fig. 23). 

[0204] Thereafter, the resin molded article 41 is removed from the movable die 35, and 
then unnecessary portions of the in-mold decorating sheet 45 bonded to the resin molded article 
5 4 1 are removed (see Fig. 24). In the case where the in-mold decorating sheet 45 has preparatorily 
been trimmed into a desired configuration as described above, the step of removing the 
uimecessary portions of the in-mold decorating sheet 45 is unnecessary. 
[0205] The movable die 35 and the stationary die 36 as the injection mold are not 
particularly limited to the above embodiment. It is appropriate to use a mold which is made up 

10 of a movable die 35 and a stationary die 36 having a gate portion 39 for injecting the molding 
resin 40, where when the stationary die 36 and the movable die 35 are closed, a singularity or 
plurahty of cavities 43 surrounded by the cavity-forming surfaces 37 of the stationary die 36 and 
the movable die 35 are formed. The in-mold decorating sheet 45 set widiin the cavities 43 formed 
by the movable die 35 and the stationary die 36 covers the cavity-forming surfaces 37. The 

15 cavities 43 may be provided as fliose which form a hole portion in the resin molded article 41, 
The recessed portion that forms tiie cavities 43 may be formed in either the stationary die 36 or 
the movable die 35. The movable die 35 or the stationary die 36 may have clamp member 38 for 
pressing and fixing the in-mold decorating sheet 45 around the recessed portion (see Figs. 21 to 
23). The clamp member 38 may also be installed in the stationary die 36 or the movable die 35. 

20 [0206] The molding resin 40 is not particularly limited. Typical molding resins 40 to be 

used for interior automotive trims and exterior automotive trims are exemplified by polycarbonate 
resin, aaylonitrile butadiene resin, talc-containing polypropylene resin, and alloys of these resins. 
[0207] In addition, whereas the above description applies, as it is, to horizontal 
injection molding machines, the relationship between the stationary mold 36 and the movable 

25 mold 35 is reversed in the case of a vertical injection molding machine. Also, the mold of the 
injection molding machine is appUcable not only to a two mold type but is also similarly 
appUcable to a three mold type. 



-46- 



(Seventh Embodiment) 

[0208] Next, a seventh embodiment of the present invention is described. This seventh 
embodiment is intended to solve a seventh issue, i.e., deficiency of opacifying power of a pattem 
layer. 

[0209] The pattem layer, which is formed by coating, shows, in some cases, a color vision 
with high opacity and, in other cases, a color vision without high opacity, depending on 
differences in opacifying power among coloring materials for individual colors. The seventh 
issue is that when a pattem layer must be formed with a color vision quite different from a color 
of a backing sheet because of low opacifying power (for example, in the case of high-chroma 
yellow), there are some cases where a desired color vision cannot be obtained due to effects of 
the color of the backing sheet. 

[0210] With respect to the seventh issue, the in-mold decorating sheet of the seventh 
embodiment of the present invention is so constituted that a second pattem layer 68 is formed 
between backing sheet 66 and pattem layer 63, as shown in Fig, 29. 

[0211] More specifically, the pattem layer 63, which is formed by a general-purpose 
printing device or the like, shows, in some cases, a color vision with high opacity and, in otiier 
cases, a color vision without high opacity, depending on differences in opacifying power among 
coloring materials for individual colors. 

[0212] When the pattem layer 63 must be formed with a color vision quite different from 
the color of the backing sheet 66 because of low opacifying power (for example, in the case of 
high-chroma yellow), there are some cases where a desired color vision cannot be obtained due 
to effects of the color of the backing sheet 66. 

[0213] In such a case, the second pattem layer 68 is formed in order to enhance the 
opacifying power of the pattem layer 63. 

[0214] The second pattem layer 68 may be formed either by coating or as a sheet 
[0215] The material of the second pattem layer 68 is, preferably, one which prevents 
vaporization and foaming, as in the case of the backing sheet 66. 
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[0216] The reason for this is that even in the case where the backing sheet 66 is not 
made of a material that prevents vaporization and foaming, the provision of the second 
pattern layer 68 that prevents vaporization and foaming makes it possible to suppress 
occurrence that a surface of the in-mold decorating sheet 61 appears in an orange-peel state 
even upon occurrence of vaporization and foaming of foaming components in the backing 
sheet 66. This could be attributed to the fact that it is only the backing sheet that vaporizes 
and foams, and the second pattem layer 68 acts to prevent gas generated from the backing 
sheet from reaching the pattem layer 63. 

[0217] Concrete examples of such a material of the second pattem layer 68 are 
polyethylene resins, polypropylene resins, styrene resins, fire retardant ABS resins, or 
thermoplastic polybutadiene resins. More specifically, available as the material are 
polypropylene resin whose coefficient of water absorption is 0.03% or lower, polyethylene 
resin whose coefficient of water absorption is 0.01% or lower, polystyrene resin whose 
coefficient of water absorption is 0.07% or lower, fluoric resin whose coefficient of water 
absorption is 0.03% or lower, polyethylene terephthalate resin whose coefficient of water 
absorption is 0.15% or lower, polybutylene terephthalate resin whose coefficient of water 
absorption is 0.08% or lower, methacryl-styrene copolymer resin whose coefficient of water 
absorption is 0. 15% or lower, fire retardant acrylonitrile butadiene-styrene copolymer resin 
(fire retardant ABS resin) whose coefficient of water absorption is 0.09% or lower, or 
thermoplastic polybutadiene resin whose coefficient of water absorption is 0.09% or lower. 
[0218] A thickness of the second pattem layer 68 is, preferably, not less than 10 fxm 
in order to obtain opacity and vaporization/foaming prevention properties, and less than 200 
fxm for prevention of visibility of trimming cross-section lines. 
[0219] Although the molding resin is not particularly limited, the most typical 
molding resins for use in interior and exterior automotive trims or electrical appliances are 
polystyrene, acrylonitrile styrene copolymer resin, aciylonitrile butadiene-styrene copolymer 
resin, or polycarbonate resin and polypropylene resin and the like. 
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[0220] When polystyrene, acrylonitrile styrene copolymer resin, acrylonitrile 
butadiene-styrene copolymer resin, or polycarbonate resin is used as the molding resin, the 
primary material for the in-mold decorating sheet is, preferably, acrylic resin, styrenic resin 
(including styrenic elastomer resins), acrylonitrile butadiene-styrene base resin, 
thermoplastic polybutadiene base resin, polycarbonate base resin, or the like, in view of its 
recyclability after use. When polypropylene resin is used as the molding resin, the material 
of the in-mold decorating sheet is, preferably, polypropylene resin or polyethylene resin in 
view of its recyclability after use and its adhesion to the molding resin. 
[0221] The most common method for three-dimensional working an in-mold 
decorating sheet is a vacuum molding method, which is a method in which the in-mold 
decorating sheet is heated to at least its softening point so as to be put into a soft and 
extendable state, and then vacuum-sucked and pulled in so as to come into close contact with 
an inner surface of a cavity of a mold for vacuum molding, and thus molded into a desired 
three-dimensional configuration. 

[0222] Other three-dimensional working methods are an air-pressure forming method, 
a pressing method in which heated rubber is pressed against the in-mold decorating sheet, 
a press molding method, and the like. 

[0223] After three-dimensional working of an in-mold decorating sheet, unnecessaiy 
portions of the in-mold decorating sheet, which are excluded from a decoration of a resin 
molded article, are removed by trimming. As trimming methods, usable are a method in 
which the in-mold decorating sheet is bumed out and cut by irradiation of a laser beam, a 
method in which the in-mold decorating sheet is punched out by press working with a 
punching die prepared for trimming use, and the like. 

[0224] The in-mold decorating sheet of a three-dimensional configuration, after 
performance of the trimming operation is fitted and set into an injection mold, and with the 
mold clamped, molding resin in a molten state is injected into a cavity and then cooled so 
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that a resin molded article is formed, while the in-mold decorating sheet is concurrently 
integrally bonded to a surface of the resin molded article. 

[0225] In the foregoing embodiments, it is also possible to make the in-mold 
decorating sheet colored-looking by coloring a substrate sheet or backing sheet without 
5 providing any pattem layer. 

[0226] More specifically, for example. Fig. 45 shows a state in which a backing sheet 
3 adjacent to a substrate sheet 1 is a colored sheet of metallic red or the like, with black 
pigment 3m mixed therein. Also, Fig. 46 shows a state in which a backing sheet 3 adjacent 
to a substrate sheet 1 having a thickness of not more than 200 fjm is a colored sheet of 

10 metallic red or the like, with black pigment 3b mixed therein. Fig. 47 shows a state in which 
a backing sheet 3 is adjacent to a colored substrate sheet 1. Fig. 48 shows a state in which 
total thickness of the backing sheet and substrate sheet is not more than 200 /jm and in which 
a transparently colored pattem layer 2 is set between two colorless transparent substrate 
sheets lA and IB. 

15 (Working Example 1) 

[0227] Anin-mold decorating sheet was manufactured under the following conditions. 
[0228] On top of an acrylic film having a film thickness of 50 fum and a surface pencil 
hardness of HB, a 5 fxm thick pattem layer was formed with the use of acrylic ink. On top 
of this pattem layer, with chlorinated polypropylene based adhesive ink interposed, a 200 

20 /xm thick black polypropylene fihn (coefficient of water absorption: 0.01%; color: L*=10, 
a*=3, b*=-5), and a 150 fxm thick blackish brown polypropylene based film (coefficient of 
water absorption: 0.03%; with 60 parts by weight of EPDM and 15 parts by weight of talc 
blended on the basis of 100 parts by weight of polypropylene; color: L*=10, a*=3, b*=-5) 
were sequentially laminated, by which an in-mold decorating sheet having a thermal 

25 deformation temperature of 140°C was obtained. This in-mold decorating sheet exhibited 
a 200% elongation performance without being thermally decomposed when heated to 160°C, 
and had a Young's modulus of 85 kgfi^mm^ at normal temperature. 
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[0229] This sheet was vacuum-molded by heating to 160°C, trimmed by a laser, and 

Q 

. \ inserted into an injection mold. Then polypropylene resin was injected at a molding 
temperature of 220°C, by which an in-mold decorated article was obtained. 
(Working Example 2) 

5 [0230] An in-mold decorating sheet was manufactured under the following conditions. 
[0231] On top of a crystalline polypropylene fihn having a fibn thickness of 200 fxm 
and a surface pencil hardness of 2B, a 5 thick pattem layer was formed with the use of 
5 //m urethane based ink. On top of this pattem layer, with chlorinated polypropylene based 
adhesive ink interposed, a 400 ijm thick black polypropylene fihn (coefficient of water 
10 absorption: 0.01%; color: L*=8, a*=6, b*=-2), was laminated, by which an in-mold 
decorating sheet having a thermal deformation temperature of 150°C was obtained. This in- 
mold decorating sheet exhibited a 130% elongation performance without being thermally 
decomposed when heated to 170°C, and had a Young's modulus of 70 kgf^mm^ at normal 
temperature. 

15 [0232] This sheet was vacuum-molded by heating to 170°C, triirmied by a laser, and 
inserted into an injection mold. Then, polypropylene resin was injected at a molding 
temperature of 220°C, by which an in-mold decorated article was obtained. 
(Working Example 3) 

[0233] An in-mold decorating sheet was manufactured under the following conditions. 

20 [0234] On top of an acrylic film having a fihn thickness of 50 //m and a surface 

pencil hardness of HB, a 5 fxm thick pattem layer was formed with the use of acrylic ink. On 
top of this pattem layer, with vinyl acetate based adhesive ink interposed, an intermediate 
sheet layer formed from a 100 fjm thick polystyrene film (coefficient of water absorption: 
0.1%; color: yellow), and a 350 fxm thick black acrylonitrile butadiene-styrene film 

25 (coefficient of water absorption: 0.4%; color; L*=7, a*=l, b*=l) were sequentially 
laminated, by which an in-mold decorating sheet having a thermal deformation temperature 
of 110**C was obtained. This in-mold decorating sheet exhibited a 180% elongation 
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perf onnance without being thermally decomposed when heated to 1 50 ° C, and had a Young's 
}^ modulus of 140kgf^mm^ at noraial temperature. 

[0235] This sheet was vacuum-molded by heating to 150 °C, trimmed by a laser, and 
inserted into an injection mold. Then acrylonitrile butadiene-styrene resin was injected at a 
5 molding temperature of 230° C, by which an in-mold decorated article was obtained. 
(Working Example 4) 

[0236] An in-mold decorating sheet was manufactured under the following 
conditions. 

[0237] On top of a noncrystalline polyester copolymer film having a film thickness 
10 of 60 //m, a 500 A metallic pattem layer formed of an evaporated aluminum film and a 2 //m 
adhesive layer formed of vinyl acetate based ink were formed sequentially. 
[0238] Thereafter, with polyurethane based dry laminate adhesive ink interposed, a 
200 //m thick black polypropylene film (coefficient of water absorption: 0.01%; color: 
L*=10, a*=3, b*-5), and a 250 ixvsv thick blackish brown polypropylene based film 
15 (coefficient of water absorption: 0.03%; with 60 parts by weight of EPDM and 15 parts by 
weight of talc blended on the basis of 100 parts by weight of polypropylene; color: L*=10, 
a*=3, b*- 5) were sequentialy laminated, by which an in-mold decorating sheet having a 
thermal deformation temperature of 130 °C was obtained. This in-mold decorating sheet 
exhibited a 160% elongation without being thermally decomposed when heated to 150°C, 
20 and had a Young's modulus of 90 kgf/mm^ at normal temperature. 

[0239] This sheet was vacuum-molded by heating to 160''C, trimmed by a laser, and 
inserted into an injection mold. Then polypropylene resin was injected at a molding 
temperature of 220*^0, by which an in-mold decorated article was obtained. 

25 
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(Working Example 5) 

Jl> [0240] An in-mold decorating sheet was manufactured under the following conditions. 
[0241] On top of a biaxially oriented polyethylene terephthalate film having a film 
thickness of 25 /im, a four-color surprinted pattem layer having a registering accuracy within 
5 0.2 mm, and a 2 /zm adhesive layer of vinyl acetate based ink were sequentially formed. 
[0242] The ink layer side of this film was stacked on a polycarbonate film having a 
film thickness of 80 /^m and a surface pencil hardness of HB, and pressed by a 220°C 
thermal transfer roll, by which the pattem layer and the adhesive layer were transferred onto 
the polycarbonate film. 

10 [0243] Further on top of this pattem layer, with vinyl acetate based adhesive ink 
interposed, an intermediate sheet layer formed by a 100 ym thick polystyrene fibn 
(coefficient of water absorption: 0. 1%; color; yellow), and a 250 //m thick black acrylonitrile 
butadiene-styrene film (coefficient of water absorption: 0.4%; color: L*=7, a*=l, b*=l) were 
sequentially laminated, by which an in-mold decorating sheet having a thermal deformation 

15 temperature of 120°C was obtained. This in-mold decorating sheet exhibited a 160% 
elongation performance without being thermally decomposed when heated to 1 50°C, and had 
a Young's modulus of 160 kgf7mm^ at normal temperature. 

[0244] This sheet was vacuum-molded by heating to 150°C, trimmed by a laser, and 
inserted into an injection mold. Then acrylonitrile butadiene-styrene resin was injected at 

20 a molding temperature of 230°C, by which an in-mold decorated article was obtained. 

[0245] Although the present invention has been fiilly described in connection with the 
preferred embodiments thereof with reference to the accompanying drawings, it is to be 
noted that various changes and modifications are apparent to those skilled in the art. Such 
changes and modifications are to be understood as included within the scope of the present 

25 invention as defined by the appended claims unless they depart therefrom. 
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ABSTRACT OF THE DISCLOSURE 



[0246] An in-mold decorating sheet is used in a manufacturing method of an in-mold 
decorated article. The method includes setting an in-mold decorating sheet into a mold for 
isjection-molding. After clamping the mold, molding resin is injected and allowed to cool 
and solidify, by which all or part of the in-mold decorating sheet is integrally bonded to a 
surface of the molding resin. The in-mold decorating sheet comprises at least a substrate 
sheet and a backing sheet, and exhibits a tensile load at breakage of not less than 23 gf for 
prevention of breaking during the molding operation, as well as a tensile elongation at 
breakage of not less than 130% for elongation without breaking at a softening temperature. 
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